English crossbred steers (n = 32) and heifers (n = 32) were fed a corn-based finishing diet and supplemented with 2%
INTRODUCTION
Marbling is a contributing factor in beef palatability; a determining factor in identifying "desirable" steaks and one of the main factors in determining USDA quality grade, which makes it a critical factor in beef marketing (Tatum et al., 1982; Savell and Cross, 1988; Kim and Talyor, 2001) . Increased marbling improves overall palatability, and increases consumer satisfaction in addition to increasing income through USDA choice and prime quality grade grid incentives (Savell et al., 1987) .
Hormonal implants improve growth rate, feed efficiency, and leanness (Hancock et al., 1991; Samber et al., 1996) . However, repetitive implant strategies result in lower marbling scores and overall quality grades (Apple et al., 1991; Foutz et al., 1997; Platter et al., 2003) . Due to the negative effect of implants on carcass merit any intervention that could increase intramuscular fat deposition in implanted cattle without effecting performance would increase producer profits and consumer acceptance.
Ascophyllum nodosum is a brown seaweed species harvested off the coast of Nova Scotia that is commercially available as a nutritional supplement and feed additive. While the mechanism of action is currently unknown the inclusion of Ascophyllum nodosum into beef cattle diets has improved animal health, food safety and carcass quality (Fike et al., 2001; Montgomery et al., 2001; Braden et al., 2004) . Ascophyllum nodosum supplementation has resulted in improvements in animal health, heat tolerance, immune cell function, increased circulating antioxidant levels, and improves supplemented meat product shelf life, color and marbling score (Zaki et al., 1994; Behrends et al., 2000; Allen et al., 2001; Montgomery et al., 2001; Saker et al., 2001) . Beef steers grazing Tasco-EX treated tall fescue (Festuca arundinacea) pasture had more marbling at harvest in retail cuts than steers that grazed non-treated groups receiving Ascophyllum nodosum. Treatment 1 (trt 1) received Ascophyllum nodosum from d 36 to 50 of the feeding period, trt 2 received Ascophyllum nodosum for the last 14 d of the feeding period, and trt 3 which received Ascophyllum nodosum for both d 36-50 and the last 14 d of the feeding period. Cattle were weighted initially (385±4.53 kg) and every 28 d following until they reach an average BW of 554±7.46 kg. No effect for Ascophyllum nodosum supplementation was found on measured performance characteristics. All treatment groups supplemented with Ascophyllum nodosum had higher actual marbling scores (p<0.05) than controls. Trt 1 was found to have a highest marbling score (572.5; p<0.05), whereas the control group having the lowest marbling score (473.8). Trt 1 had a higher quality grade (5.25; p<0.05) than the control (3.94) group, but did not differ from trt 2 (4.56; p = 0.105) and trt 3 (4.75; p = 0.236) where high Select = 4, and low Choice = 5. Trt 2 did not differ from trt 3 (p = 0.655), or the control group (p = 0.140) for quality grade. However, trt 3 did tend to differ (p = 0.057) from the control group for quality grade. Control group animals graded 25% Choice, 62.5% Select; trt 1 graded 75% Choice, 18.8% Select; trt 2 graded 62.5% Choice, 25% Select and trt 3 graded 56.3% Choice and 31.2% Select. Overall, treatment groups had a 39.6% increase in Choice quality grade and a 37.5% decrease in Select quality grade when compared to the control animals. (Key Words : Ascophyllum nodosum, Finishing Cattle, Intramuscular Fat) fescue (Allen et al., 2001b) . Further research by Allen et al. (2001b) concluded that application of Tasco increased marbling score and tended to increase USDA quality grade.
Although many studies have shown that Ascophyllum nodosum supplementation enhances animal well-being and carcass merit, there has been considerable debate as to the optimal supplementation strategy. Thus, this study's focus was to determine the supplementation period that resulted in the greatest improvement in overall carcass merit.
MATERIALS AND METHODS

Feeding trial
English cross steers (n = 32) and heifers (n = 32) approximately 10 months of age arrived on d 0 of the trial at the Texas Tech University Beef Research Center weighing 317 to 340 kg, respectively. Animals were vaccinated for infectious bovine rhinotracheitis using Pyramid 9 ® (Fort Dodge; Overland Park, Kansas), blackleg using Ultrabac 7 ® (Pfizer; New York, NY), bovine respiratory disease using Bovishield Gold ® (Pfizer; New York, NY), and dewormed with ivermectin. After a 35 d adjustment period from arrival, cattle were assigned to one of 4 treatment groups, and weighed. Animals were blocked by sex and randomly allocated to 46.5 m 2 dirt pens with four animals per pen. Pens were randomly assigned a treatment with an equal number of pens per treatment (n = 4) and an equal number of male and female pens in each treatment (n = 2). Animals were implanted with Ralgro ® ( (Table 1 ) ad libitum once a day in incremental phases that began with a corn based receiving diet from d 0 to d 35. Animals were transitioned to a corn silage-based diet containing 13.3% protein on a DM basis on d 35 of the trial to the end of feeding. Control diet was formulated to be isocaloric and isonitrogenous to treatment diets. Treatment diets contained a 2% Ascophyllum nodosum supplementation on a DM basis (Table 2) . Treatment 1 (trt 1) animals received the basal diet plus 2% Ascophyllum nodosum supplementation from d 36 to 50 of the trial. Trt 2 received 2% Ascophyllum nodosum supplementation for the final 14 d of the feedlot trial. Trt 3 received 2% Ascophyllum nodosum supplementation for d 36 to 50 and the last 14 day of the feedlot trial. A control group received only the base diet throughout the trial. Feed efficiency, body weight, average daily gain, and ultrasound backfat measurements were recorded every 28 d commencing 35 d after arrival.
Carcass measurements
Cattle were determined to be 14 d from slaughter by using pen ADG to calculate a final BW of 554 kg. Once the pens reached an average weight of 554 kg they were shipped 25 km for harvest at a commercial processing facility. Carcass data collected included hot carcass weight (HCW), Longissimus muscle area (LEA), yield grade, marbling score, lean color, lean texture, and lean firmness (Miller et al., 1997; Moon, 2006) .
Statistical analyses
Data was analyzed as a randomized block design, blocked by sex using mean separation. For performance measurements pen was used as the experimental unit, and for carcass measurements animal was used as the experimental unit.
RESULTS
There were no differences for any of the growth traits including weight, ADG, or feed efficiency (Table 3) . Carcass characteristics, including yield grade, hot carcass weight (HCW), lean color, LM area (LEA), and texture, revealed no significant differences (Table 4) . Marbling and firmness scores were found to differ among treatments (p<0.05). Trt 1 had 8.25% firmer lean muscle (p<0.05) than all other groups (Table 4 ). The control group had a lower marbling score (473.75; p<0.05) than all other treatment groups (572.50, trt1; 528.12, trt 2 and trt 3; Table 4 ). Although all treatments were higher for marbling than the control, trt 1 was found to have the higher marbling score than all other groups (572.50; p<0.05; Figure 1 ). Naturally, it was found that as marbling score increased there was a e Lean color is on a scale from 8 to 1, where 8 = extremely bright cherry red and 1= extremely dark red. f Lean texture is on a scale from 8 to 1, where 8 = extremely fine and 1 = extremely coarse. g Lean firmness is on a scale from 8 to 1, where 8 = extremely firm and 1 = extremely soft. Eighty-one percent of the cattle in trt 1 graded Choice or better, and had 6% of the animals grade Prime. For trt 2 and trt 3, 62.5% of the cattle graded Choice or better, and only 25% of the control group graded Choice or better. The control group had 25% Choice, 62.5% Select; trt 1 had 75% Choice, 18.8% Select; trt 2 had 62.5% Choice, 25% Select and trt 3 had 62.5% Choice and 37.5% Select. Overall, treatment groups had a 39.6% increase in Choice quality grade and a 37.5% decrease in Select quality grade when compared to the control group.
DISCUSSION
In previous studies using Ascophyllum nodosum supplementation on pasture it was found that no differences exist in any animal performance characteristics including weight gain, ADG, and feed efficiency between animals . This is consistent with our results, where we feed Ascophyllum nodosum to finishing cattle resulting in no effect on weight gain or feed efficiency during the finishing trial (p>0.05). The only difference detected in this study was that cattle fed Ascophyllum nodosum from d 36 to 50 had a significant increase in lean firmness (p<0.05), which was not reported in other studies utilizing Ascophyllum nodosum Montgomery et al., 2001) .
Hormonal implanting of cattle usually results in improved growth rate, feed efficiency, and leanness of cattle, as well as a reduction in marbling, quality grades and overall carcass merit (Hancock et al., 1991; Duckett et al., 1996; Moseley et al., 2003) . The main focus of this study was to determine which supplementation period maximized the effects of Ascophyllum nodosum on intramuscular fat deposition in cattle while getting the performance advantages of implants. Roeber et al. (2000) found a reduction in marbling score in implanted cattle when compared to non-implanted cattle. In this study, all cattle consuming the treatment diet had superior carcass merit as compared to controls, indicating Ascophyllum nodosum may be able to overcome the reduction in marbling score associated with hormonal implants. However there was no decrease in animal performance indicating that Ascophyllum nodosum does not interfere with the mechanism of action associated with hormonal implants. These data indicate that Ascophyllum nodosum supplementation allowed animals to take advantage of implant benefits in performance while improving carcass merit. Twenty-five percent of the control group graded Choice or better, whereas the treatment group achieved a 69% Choice or higher quality grade value. Overall, the supplementation of Ascophyllum nodosum resulted in a 44% increase in quality grade. However, trt 1 had a higher marbling score when compared to all other treatments (p<0.05) and all treatments had a higher marbling when compared to the control group (p<0.05). This finding agrees with those of Allen et al. (2001) , who reported an increased marbling score for Ascophyllum nodosum-supplemented animals. Animals supplemented from d 36 to 50 (trt 1) had growth performance similar to all other treatments; however, trt 1 resulted in the significantly greatest improvement in carcass merit. Other research has found improvements in quality grade but a feeding strategy was not suggested Montgomery et al., 2001; Braden, 2003) . This study indicates that early feeding of Ascophyllum nodosum from d 36-50 of the feedlot period results in the greatest improvement in carcass merit. It has been suggested that altered lipid metabolism or energy is the cause of the increase in carcass merit of cattle supplemented with Ascophyllum nodosum . As previously stated, the inclusion of Ascophyllum nodosum in cattle diets improves immune function and overall animal health . This reduction in stress may also be implicated in the improvements in carcass merit. The reduction in stress and improved immune function could repartition nutrients so that the energy requirements of the immune system are reduced, and excess energy could be used for growth and fat deposition Brown et al., 2006) . Although further research is required to elucidate the mechanism, this study has determined the ideal strategy for Ascophyllum nodosum supplementation in aggressively implanted English crossbred steers and heifers. 
IMPLICATIONS
Ascophyllum nodosum supplementation at 2% of a commercial grain based feedlot diet significantly improved overall quality grade and carcass merit. In addition to this, feeding Ascophyllum nodosum on d 36 to 50 in the feedlot period maximized carcass performance of implanted feedlot cattle with no detrimental effect on performance. Therefore, Ascophyllum nodosum supplementation is an economically viable method for overcoming the negative carcass characteristics traditionally observed in implanted feedlot cattle.
